I nformation technology's rapid evolution offers a great opportunity to enhance people's education and understanding of their cultural heritage. IT can do this in many ways, from facilitating digital acquisition of data from pictures and relics to multimedia content presentations. Currently, people access cultural and arts information through interactions with desktop computers and other similar platforms, including standalone programs, CD-ROMs, Web sites, and information kiosks. However, even in this arena, ubiquitous computing systems 1 can make an important contribution by supporting people in the most important moment of their educational experience: when they are up close to the subject, whether they're viewing a painting in a museum, a monument in a park, or an animal in the zoo. Several research projects in ubiquitous and context-aware computing have focused on computer support for museum and tour guides. 2,3 Nevertheless, little has been published about how end users evaluate and accept ubicomp systems in museum and park environments. 4 Here, we address that user perspective, presenting results from experiments aimed at understanding how pervasive computing can support a museum-like experience. Our emphasis is on how ubicomp systems affect real visitors in real environments.
User Testing a Hypermedia Tour Guide I nformation technology's rapid evolution offers a great opportunity to enhance people's education and understanding of their cultural heritage. IT can do this in many ways, from facilitating digital acquisition of data from pictures and relics to multimedia content presentations. Currently, people access cultural and arts information through interactions with desktop computers and other similar platforms, including standalone programs, CD-ROMs, Web sites, and information kiosks. However, even in this arena, ubiquitous computing systems 1 can make an important contribution by supporting people in the most important moment of their educational experience: when they are up close to the subject, whether they're viewing a painting in a museum, a monument in a park, or an animal in the zoo. Several research projects in ubiquitous and context-aware computing have focused on computer support for museum and tour guides. 2, 3 Nevertheless, little has been published about how end users evaluate and accept ubicomp systems in museum and park environments. 4 Here, we address that user perspective, presenting results from experiments aimed at understanding how pervasive computing can support a museum-like experience. Our emphasis is on how ubicomp systems affect real visitors in real environments.
In our project, we tested user acceptance and evaluation of hypermedia guides run on palmtop computers at Genoa's Costa Aquarium, the largest European aquarium and one of Italy's most visited cultural sites, with more than a million visitors per year. Figure 1 shows the guide, including the software we developed, which has been available for rent to the public since December 2000.
Before describing our experiments and results, we disAlthough handheld guides have been proposed as a way to enhance visitors' experience of museums and exhibitions, the authors describe user studies that actually test the theory in a real-world setting.
cuss the experimental framework at the aquarium, as well as design issues and the guides' interface structure. The "Museum Multimedia" sidebar offers an overview of related research.
Experimental framework
Evaluating ubicomp systems and their impact on a target population is difficult and costly because we must analyze real users in a real context. Also, to evaluate continuous interaction with computation resources, test users must have a fully operational, reliable, and robust tool, not just a demonstration prototype. 4 Presently, most cutting-edge technology to support museum visits is in the prototype stage and not yet suitable for the general public. 5, 6 Nonetheless, performing early tests in an authentic context is important both to verify end-user acceptance and overall system usefulness and to get feedback to inform future design. 4 
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S
ome museum professionals have expressed concern about computers, worrying that Web-based art collections might entice visitors away from real-world museums. 1 In fact, IT has actually become a boon to art, and the use of it in museums is rapidly growing. [1] [2] [3] [4] Electronic tools can offer a valid museum aid, providing visitors multimedia information about museum items, for example, or reconstructing historical scenarios to contextualize an exhibition's artifacts.
Research shows that computer presence in an exhibition typically enhances visitors' experience, offering them more interesting interactions with the museum space and attracting people with the technology's novelty. 1 In the near future, museums will likely offer personalized visit itineraries geared toward a user's specific needs, sensors for enhancing the viewing experience, and network access for e-commerce and retrieving and storing museum information. 3 Currently, new technologies let museums increase what they have to offer, helping them better meet user requirements and expectations. 1, 4, 5 Museum visitor surveys highlight three main needs: navigation aids to support basic orientation and organization of personalized paths, information about museum exhibits, and, for some people, specialized information retrieval. 5 Interactive systems that visitors use by themselves efficiently satisfy these needs. Up to now, such hypermedia systems have been implemented on specific Web sites 6 or electronic kiosks within the museum. 1 However, such solutions are stationary and cannot accompany visitors along their paths or provide information and assistance the moment visitors need it. Palmtop computers overcome this limitation, while also keeping most of the merits of common hypermedia systems.
Several projects have investigated the use of handheld devices as guide tools for tourists. [7] [8] [9] [10] [11] [12] These projects offer interesting insights into computing, communications, and localization functions for providing context-aware information and services to nomadic tourists.
Augmented reality systems promise even more natural and seamless interaction modalities with the surrounding environment. [13] [14] [15] [16] Likewise, our system aims to provide easily accessible high-quality multimedia. Because content quality and easy accessibility are key factors in supporting knowledge acquisition, we've focused our efforts on translating palmtop computers' high computation and multimedia potential into a pleasant tool that is easily usable by the general public. In this way, we hope to enhance museum visitors' experience through "edutainment," combining education and entertainment.
Our project's aim was thus not to develop the best possible ubicomp system for the museum environment, but rather to test a simple system's effectiveness in a real-world setting. To this end, our experimental framework was
• A simple tour guide, consisting of a mature and reliable palmtop computer equipped with hypermedia software • A real museum-Genoa's Costa Aquarium-which has rented the tour guides since December 2000, at a cost of 4.50 Euros each
Using this framework, we were able to analyze, from a user-centric perspective, several aspects of continuous interaction with a mobile multimedia system. We performed extensive testing in all phases of design, development, deployment, and redesign, including early tests with experts, questionnaires, think-aloud sessions, and ethnographic observations of user behavior. Because the market already offered several platforms that met our project's needs, we focused on designing novel human-computer interaction software for existing hardware. We carefully examined and tested available devices for their suitability in the museum environment. Among our criteria were that it be pocket size, robust, reliable, and flexible, and that it support open, incremental development and network connectivity. We also required a highquality visual and audio interface and architectural support for multimedia.
Based on these criteria, we chose the WinCE operating system as the most suitable platform. 
Tour guide design
The idea behind automated tour guides is to replace traditional portable audio guides with a more appealing multimedia electronic tool, which has two expected advantages:
• Flexibility-easy upgrades of both content and interface according to user preferences and exhibition changes • User satisfaction-providing an enjoyable and more complete visitor experience Both benefits are crucial in the aquarium setting, because most visitors are school parties and family groups (77 percent), while the rest are general visitors and specialists. The aquarium management's main requirement was that we match the technology to an average audience, which is unlikely to be familiar with most computer technologies.
Because we had to combine a palmtop computer's flexibility and multimedia potential with extremely simple interactions for general public use, we faced two main human-computer interaction issues:
• Usability. Aquarium visitors have little time and less willingness to learn how to use a new technological tool. Because palmtop computers are still somewhat rare, few visitors have prior experience with them, and most will use them for only a short time (typically, 30 to 60 minutes). Thus, the platform's complexity must be hidden, and the guide must be immediately usable and require no user effort. Essentially, the interface must be as simple and intuitive as possible.
• Information presentation. Added-value information-such as how various specimens live in their natural environment-should be synergetic with a visitor's direct aquarium experience. Thus, we must structure information to enhance a visitor's direct perception in order to create a better and more pleasant comprehension of the surrounding environment.
Facing these problems along with a palmtop's resource constraints is a novel and challenging research area. To tackle these issues, we opted for a user-centric design methodology 7 in an iterative tour-guide development process with three key steps:
• Participatory design. 8 We designed the guide with input from technical developers, and from aquarium experts and visitors, who helped us define targets and concrete scenarios.
• Usability specifications. To verify our work, we identified explicit and measurable targets. We had several goals, including that 90 percent of users should be able to operate the guide without asking questions; 90 percent should be able to start, suspend, and complete the multimedia description of the first tank without errors; and 90 percent should be able to understand the meaning of all visible controls within 30 seconds. We tested each objective in early lab and field tests so that we could take the appropriate corrective actions.
• Contextual design. We ran early field tests with aquarium experts and users to highlight problems and shortcomings that we'd overlooked or ignored. For example, following the tests, we found that some users tried to open other programs or change system properties, so we made access to the underlying operating system impossible.
Interface structure
To support immediate use by the general public, we emphasized four key factors in designing the tour guide's interface: simplicity, low intrusiveness, support for natural interaction, and current-state visibility. 4 As Figure 2 shows, the interface's basic element is a multimedia card that corresponds to each presentation subject, such as a particular fish or a fish tank containing several fish species. Each multimedia card provides users with content and touch-screen buttons that let them control content presentation and navigate between tanks. All usable controls are always visible.
To make presentation control intuitive, we borrowed the CD-player interface metaphor from consumer electronics. We reduced technology intrusiveness by sizing all touch-screen buttons so that users can easily press them with their fingers. This avoids the need for a stylus, which can hinder users and easily get lost.
APRIL-JUNE 2002
PERVASIVE computing 35
Because the market already offered several platforms that met our project's needs, we focused on designing novel human-computer interaction software for existing hardware.
Moreover, there are no hardware buttons; users operate only software buttons, each of which is clearly labeled. This prevents the need for written instructions on how to use the guide. However, large buttons consume precious screen real estate, and we are now testing a new version of the guide using ergonomically shaped buttons (see Figure 3 ), this lets us keep the advantages of large buttons while reducing the impact on screen space. According to preliminary tests with users and experts, this is the most suitable interaction modality. That said, as we increase the user's options, we'll have to resort to hardware keys or smaller buttons and a stylus (or both).
One of the guide's main tasks is to assist visitors in exploring the museum space. For example, we could use image recognition and infrared radio communications to trigger context-sensitive information. 6, 9 Initially, however, we decided not to implement an automatic system, because the aquarium's visitor path is linear and the fish tanks are sequential. Thus, users can simply access information about a given tank by reading the tank's name and number and selecting the corresponding multimedia presentation labeled with the same name and number. Users can easily move through the hypermedia program using linear navigation controls (such as "previous tank" and "next tank") that directly correspond to the sequential path. Despite the lack of automation, synchronizing the aquarium's physical space with the program's virtual space imposes a minimal mental workload on visitors. The task is simple, and they perform it using a familiar interface. Moreover, opting not to automate let the aquarium's management evaluate the guide's impact at a comparatively low cost, with the option of later upgrading the system once we verified users' needs.
To evaluate the affect of providing both ondemand contents and better support for user orientation, we implemented a second interface version that offered more detailed and structured information, including buttons for "Map," "Links," and "More info" (see Figure  4a) .
The map helps tourists orient themselves within the aquarium, showing its structure, including bathrooms, the cafe, exits, and fish tanks. As Figure 4b shows, each tank icon is an active area that users can click to call up the corresponding multimedia card. To enhance orientation, we center the map on the user's position as determined by the current multimedia card. Users can move through the map using two directional buttons (left and right).
The "More info" button gives users an indepth audio-visual or text presentation related to the current multimedia card. The "Link" control opens a small window that lists fish tanks related to the current one. Users can click any list item to go to the corresponding multimedia card.
Guide content
The guide has 44 multimedia cards covering all aquarium tanks, for a total presentation time of 25 minutes. To prepare the multimedia content, we collaborated closely with the aquarium's education experts and were guided by two main goals:
• Strengthen the link between visitors and the environment. To achieve this, we showed users photos or photo sequences, with accompanying comments, all appropriately timed to offer useful information while keeping visitors' attention on the fish in the tanks, rather than on the guide.
• Present places and situations that are not typically accessible to aquarium visitors but might be particularly appealing to them. For example, we show visitors a video of the birth of Giotto, the aquarium's mascot seal pup (see Figure 2 ).
Providing high-quality multimedia contents was also a key requirement. However, the palmtop's limited memory capacity forced us to resort to lossy compressed formats for audio, images, and videos. The program includes a total of 76 images (1 Mbyte), 9 videos (8.4 Mbytes), and 45 mono audio clips (5.3 Mbytes). We use recorded rather than synthesized speech, because preliminary lab tests showed that users preferred it, particularly for the Italian-language version. Of course, given the memory size constraints, increasing content quantity would require that we either use a synthesizer or download content on-demand from a local network.
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Evaluation 1: Overall user acceptance
We conducted user tests in two main stages. The first tests, which we ran over a 30-day period in January 2001, started just after we first introduced the tour guide service. The second evaluation (described later) followed a year later.
In the first stage, we evaluated our interface through a user survey containing two kinds of questionnaires: a 23-question complete version (CV) and a five-question short version (SV). We also held an interview session and observed users' interactions with the guide, recording their reactions and comments after we encouraged them to "think out loud." Our goals in the first testing stage were to qualitatively analyze user acceptance in authentic use conditions, verify the experimental framework, and gather information for future design.
Questionnaires
Both the CV and SV questionnaires contained multiple choice, fill in the answers, and a free comment section. (The questionnaires and results, along with a detailed characterization of our respondents, are available at www. eliosmultimedia.dibe.unige.it/acquario/tests. htm).
Aquarium personnel asked visitors to fill out the questionnaire at the exhibition's end, when they collected the tour guides. Participation was voluntary and anonymous. All participants rented hypermedia guides at the beginning of their visit, at the regular price of 4.50 Euros, and toured the museum, without knowing they'd be asked to fill out a questionnaire at the end. This fact is important; it lets us analyze data captured in authentic use conditions. Subjects could choose either the complete questionnaire, which typically takes 10 minutes, or a shorter version if they had less time. The total number of respondents was 151 (103 SV and 48 CV). The total number of users during the test period was 185.
(We discarded 5 percent of the SVs because respondents didn't understand the questions.)
Results: SV
The SV's focus was on pleasure and usability. Of the 103 SV respondents, 82 percent assessed the tool as usable, and 78 percent assessed it as enjoyable. For 63 percent of the users, the guide was both enjoyable and useful, but there is no close relation between the two variables according to the chi-square test, which evaluates correlations between observed statistics. Enjoyability was related to user age (95 percent confidence), with people between 25 and 45 enjoying the tool less. We found no correlation between enjoyability and occupation.
The free comment section offered interesting insight into what users perceived as the guide's shortcomings: Thirty-three percent of respondents said they'd like a more informative tool. This highlights the need for layering the available information based on user preferences and needs. Almost all usability problems were due to the fact that batteries lost power before the exhibit ended (as reported by 20 percent of users). This is essentially a logistics issue; some guides were erroneously rented out before they'd fully recharged. Only 2 percent of users were unsatisfied with their interactions with the guide.
Results: CV
The CV covered ease of use, enjoyability, general usefulness, and value. When asked about ease of use, 23 percent said the device was very simple to use, 69 percent said it was simple, 6 percent said it was not immediately usable, and 2 percent said it was difficult to use. Most users-88 percent-used the tool without any help. For enjoyability, 17 percent said it was high, 67 percent said it was sufficient, 15 percent said it was low, and 2 percent of respondents found no enjoyment at all. Most respondents-79 percent-found the device useful, while 21 percent did not.
People in museum management commonly fear that visitors will find such hypermedia tools distracting. However, in our study this was true for only 8 percent of users. As for price, 58 percent said the rental cost was adequate, but only 48 percent found the guide's image and video content satisfying, suggesting a need for improvement. Table 1 shows the relationships between some of the CV survey's variables. Enjoyability is strongly correlated with usefulness, highlighting tourists' desire for a visit that combines education with entertainment. Enjoyability is also correlated with all variables related to quality of content (image, audio, and comments) and technology (controls and system response time). This suggests the importance of joining knowledge with taste and an understanding of human psychology when developing mobile multimedia tools.
As the final rows show, user characteristics have little correlation with the considered variables, suggesting the guide's suitability for the general public. Exceptions here are familiarity with natural science (which correlated with length of use) and familiarity with computers (which correlated with perception of the tools' usefulness). Length of use is also significantly correlated with an absence of distraction. That is, people tend to use the guide less if it interferes with their focus on the real exhibition.
Results: Advanced interface
In the first testing stage, we also tested the more advanced interface. We field tested it in interview and think-aloud sessions with 10 users. Of the subjects, five were female and five male, with a mean age of 29. We randomly selected test users from among people entering the aquarium, independent of whether they wanted to rent the tour guide or not. We then asked them whether they would like to participate in a scientific evaluation of the multimedia guide and told them it would involve a think-aloud session and an interview. If they said yes, we gave them the guide for free and a detailed explanation of the experiment's modalities and goals. Two of us then accompanied them on their visit, took notes about users' impressions, and conducted the interviews.
The interview's focus was on usefulness and acceptance of the "Map" and "Links" tools and user preferences about the visit's organization. We also discussed how information was provided and asked users to compare hypermedia systems with audio guides. Among the presentation modes we asked them to discuss were text versus audio versus audio-visual and a map versus a textual index of attractions. The most significant result was visitors' substantial preference for the multimedia system. The main reason for this preference was that it offered users the possibility of easily correlating the description with their direct experience of the exhibit. The correspondence between images-they preferred still images to videoaudio, and reality let them, as one user summarized, "immediately and better understand what the presentation is about." Although this benefit is clearly evident in a dynamic aquarium environment, where a single tank houses several fish species, it can also extend to traditional museum spaces. For example, it might help users recognize and study particular aspects of a given painting.
With our "More info" button, which provides in-depth content, most users said they preferred audio-video content to text. In fact, being able to listen to information let the users focus their attention on the fish, rather than the guide screen. Similar considerations were evident in relation to video. Users appreciated video when it presented special information, such as the echography of a pregnant dolphin; otherwise, they considered it less important than the real experience. We believe that these considerations highlight the importance visitors place on enjoying and focusing on real animals, and are independent of the number of available video clips. More memory space will permit different kinds of content design and presentation, so we'll be exploring this issue further in the near future. These results match those from our CV questionnaire, indicating a close relationship between lack of distraction and length of use. Users enjoy their visits most when they can fully experience the environment. Hypermedia guides should enhance this experience, providing clues to synchronize visitors with the aquarium reality and offering additional videos of special events.
Users did not generally view our "Map" tool as essential, which is not surprising given the aquarium's linear layout. Such a service is likely to be more useful in complex structures, such as big museums. In the aquarium, however, maps can give users a way to estimate the length of their visit, follow thematic paths, and get a structural overview, including available services. Few visitors in our study used the map to build personalized paths. However, for such purposes,
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Overall, presenting additional advanced tools such as maps and links increases the interface's complexity, without negatively impacting the system's simple usability.
TABLE 1
Confidence ratings for variable correlations based on the Chi-Square test.
Enjoyability (%) Usefulness (%) Length of use (%) Distraction (%)
Price 95 Usability 90 90 Self-understanding of use 90 Length of usemaps are better than the alternative text index, which simply has small photos representing the subjects. Also, the map is particularly suited to repeat aquarium visitors (who constitute 40 percent of the aquarium's traffic), because they are familiar with the exhibit and more likely to seek out particular tanks or species.
The "Link" tool was also underused because people didn't understand its benefit. After we explained what the tool was for, most users said they would find it useful for building thematic paths through the exhibition. We plan to deal with this issue in subsequent design phases.
Evaluation 2: Impact on visitors
Based on feedback from the first experiments, we upgraded the multimedia tour guide (see Figure 3) . We then ran a second series of tests in January 2002 to evaluate how the guide affected visitor behavior. In addition to ethnographic observations, we performed quantitative and qualitative measures.
Knowledge acquisition experiment
Most visitors view a trip to an aquarium or museum as an informal and unstructured activity that offers education, entertainment, leisure, and so on. Quantitatively evaluating such an activity as a whole is difficult. However, visits do let tourists directly learn from experiencing the subject-be it a painting or an octopus-and thus knowledge acquisition is one of the tour's most relevant aspects. Given this, we chose a task-centric approach to evaluate whether the multimedia tour guide supports knowledge acquisition, as compared to other tools such as audio guides and stationary panels.
We selected test subjects randomly among people entering the aquarium who agreed to participate in a scientific experiment involving a 10-minute test. Of the 120 subjects, 69 were male and 51 female, with a mean age of 27. We gave 40 test subjects a free multimedia tour guide and 40 a free audio guide. We loaded the audio guides with the same audio contents as the multimedia tour guides, which included no additional textual information. Our control group was the final 40 subjects, who toured the exhibition aided only by the simple stationary posters and panels beside the tanks.
Test tasks. All of our subjects were unaware of the test tasks until the end of their visit. At that point, we gave them two types of task: a recognition task and an essay task. The recognition task consisted of associating images with names. We gave subjects a list of 10 images, representing fish or natural environments, along with four possible names for each image to choose from. We gave them 90 seconds to complete this task, which focuses on visual knowledge-a main form of knowledge acquisition. We expected subjects using the multimedia tour guide would perform best, because unlike the other test users, they had access to a visual information channel.
The essay task consisted of subjects giving a written description of the contents of three tanks, which we preselected with the help of aquarium experts. This task had no time limit, but we did limit the amount of writing to 10 lines. In this task, we privileged explicit and declarative knowledge and anticipated limited advantage (if any) for multimedia tour guide users over those with the audio guide.
We began the test with two questions. The first asked about users' satisfaction with the visit as supported by their particular tool (the multimedia tour guide, audio guide, or panels and posters). The second asked how interested subjects were in seeking out more in-depth information about fish and the natural environment, given their experience with the visit and their particular tool.
Results. Our main goal in this second experiment was to evaluate the tools' support of knowledge acquisition, including measures of efficiency, effectiveness, and satisfaction (in keeping with the ISO's definition of usability 10, 11 ). Efficiency is related to a task's completion time. We measured efficiency by counting the number of correct answers in the recognition task (task 1), which had a time limit (90 seconds). Effectiveness measures the overall quality of task performance in terms of accuracy and completeness. We measure effectiveness by evaluating, on a 0-to-4 scale, descriptions in the essay task (task 2). We measure user satisfaction on a 10-point scale based on our initial question about subjects' satisfaction with their visit and tool. Table 2 shows our results. In task 1, we find a significant difference in the number of images recognized (99.9 percent confidence). As we expected with this visual task, a Bonferroni post hoc test-which compares averages among groups-showed that the multimedia tour guide supported users significantly better than the audio guides (90 percent confidence) and panels (99.9 percent confidence). The difference between the audio guides and panels was also significant. In task 2, the tool type influenced the grade obtained (99.9 percent confidence). As a Bonferroni post hoc test showed, this difference is only between the audio or multimedia tour guides and the panels.
Our analysis of the essays showed interesting differences between user groups. Subjects using the audio guide tended to be more precise about the particulars they heard in the presentation, whereas the multimedia tour guide tended to support observation of specimens and their behavior. For example, only audio guide users reported that chameleons live in the Malagasy Forest, whereas only multimedia tour guide users described the chameleon's skin and eyes. We deduce from this that the audio guide tends to draw users' attention to the contents, favoring a verbal learning process, and the multimedia tool invites visitors to improve their observation.
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PERVASIVE computing 39 We found a significant influence (99.9 percent confidence) also on the tools' perceived usability ("Satisfaction" in Table 2 ). As earlier, according to post hoc tests, differences are significant only when compared to panel-supported visits.
The second test question about ongoing interest showed that subjects using an electronic tool (audio or video guide) are more prone to seek in-depth information after their visit. We offered respondents several options, and they could select more than one. As Table 3 shows, most tour guide users said they'd deepen their knowledge using multimedia tools, while others, particularly panel readers, tended to prefer another visit. As our results have already established, multimedia guides are effective tools for learning, so we argue that people using guides might be keener on using multimedia tools to find more information.
In general, although our results show that the tour guide supports better knowledge acquisition, its results differ significantly from the audio guide only for a specifically visual task. That said, in this experiment we provided users the same amount of information on both tools. It's possible that, given a multimedia computer with significantly more content (provided by downloading files from a network, for example), users might favor a ubicomp system.
Ethnographic observations
For this experiment, we selected subjects randomly from among people who rented the tour guide. We asked potential subjects if they would volunteer to take part in an ethnographic observation session, which would involve two of us following them during part of their tour (10 to 15 tanks) without interfering with their visit. Of the 10 subjects we studied, four were male and six were female, with a mean age of 30.
This test was important to evaluate how using the tour guide impacts visitor behavior.
Among our findings were
• Using the guide tends to make the visitor more attentive but also lonelier: The earphones tend to acoustically isolate users, limiting their ability to listen to and speak with other people. This suggests the need to find new, less exclusive modalities to convey acoustic information.
• Video information is less invasive, because the screen size is limited and we designed the presentations not to draw attention to the screen. Often, users would see a fish on the screen, then immediately search for it in the tank.
• In general, few visitors read the stationary panel texts, and those who do typically read them only in part. The multimedia guide seems to further discourage reading such texts.
Using the guide also affects visitors' pace. In our study, visitors using multimedia or audio guides typically observed the fish in a tank until the presentation was over and then moved on, occasionally lingering at the tank briefly for further observations. In unassisted tours, visitors' time at the tank did not depend on the length of text panel contents, which they typically only skimmed. Some visitors completely skipped some tanks or observed others intently for long periods, particularly those with attractive species such as seals, penguins, and the like. Also, in unassisted tours, visitors tend to read panels after they observe the tank if they're attracted to a particular specimen. In contrast, the multimedia presentation is generally triggered independently of specimens and can thus arouse visitor interest in curious, perhaps less obvious aspects of a specimen, inviting further observation.
These considerations suggest that we design content in two ways: for well-known, appealing specimens, we can provide specific, ondemand information, while for lesser-known species, we can target content to involve and appeal to the visitor. A s our first field experiments show, there is strong public interest in and acceptance of computerbased personal guides that have an elementary user interface. This simple tool offers exhibition visitors an enjoyable experience and supports learning. Moreover, it enlarges the base of IT users by introducing palmtop computers, which are likely to play a significant role as IT and telecommunications converge.
Compared with previously published findings, our work highlights the importance of deploying an application in its real-world context as soon as possible. 12 For example, we learned from our early tests with real users the importance of content presentation design in both strengthening visitors' direct experience and tuning the multimedia content mix.
Although standard, "desktop-like" computer applications tend to be stand-alone, complex, and require more training, 5 ubicomp systems can be completely integrated into visitors' behavior, supporting their activity in a natural and immediate fashion. Ubicomp lets computing move from a localized tool to a constant presence, scaling computer usage to time. 4 For example, while previous research reports an average usage time of 3.7 and 7.7 minutes for stand-alone systems, 5 visitors used our aquarium guide throughout their visit, for more than 20 minutes on average.
Our observations and lessons learned about design can support planning for expanding ubiquitous system use in museums. Future systems might, for example, provide more content and interaction modalities, along with intelligent decision support, context-aware services, and enhanced human interactions among device users.
As for our aquarium project, the next step is to deploy an 802.11b wireless network, which offers nearly limitless memory availability. This will let us expand the application's content base, offer online services (such as electronic transactions), automatically synchronize the physical environ-
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